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Abstract	
Tuberculosis (TB), caused primarily by the Mycobacterium tuberculosis complex (MTBC), continues to be a significant global health concern, particularly in Nigeria, which ranks among the top eight countries responsible for two-thirds of TB cases worldwide. This situation underscores the need for rapid and accurate diagnostic methods. A total of 400 samples were collected and analyzed, confirming the presence of acid-fast bacilli. The culture results indicated that 55% of the samples tested positive, demonstrating active mycobacterial growth, while 45% were negative. Species identification and differentiation between MTBC and non-tuberculous mycobacteria (NTM) were conducted using the SD-Bioline immunochromatographic assay, yielding results of 38.3% for MTBC and 17.8% for NTM. Demographic analysis revealed that females represented the highest number of positive cases (81/198, or 40.9%), compared to a positivity rate of 35.6% in males. Additionally, married individuals formed the largest demographic group (15.6%) with the highest positivity rates for MTBC (84/218, or 39.9%). However, the relationship between marital status and SD-Bioline detection of MTBC was not statistically significant. The findings highlight the continued burden of tuberculosis in the study area and emphasize the importance of rapid diagnostic tools such as the SD-Bioline assay for accurate identification of MTBC and differentiation from NTM to support effective TB management and control strategies.
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1. INTRODUCTION
Tuberculosis (TB), caused by the Mycobacterium tuberculosis complex (MTBC), remains a significant global health challenge, particularly in developing countries like Nigeria. Despite extensive control efforts, TB persists as one of the leading causes of morbidity and mortality worldwide (WHO Global Report, 2023).  There was a major global recovery in the number of people diagnosed with TB and treated in 2022, after 2 years of COVID-related disruptions. This has started to reverse or moderate the damaging impact of the pandemic on the number of people dying from or falling ill with TB. However, TB remained the world’s second leading cause of death from a single infectious agent in 2022, after COVID-19, and global TB targets have either been missed or remain off track.  In Nigeria, TB poses a critical public health issue, with high prevalence rates and a growing concern over drug-resistant strains of the bacterium.Effective diagnosis and treatment are pivotal to controlling TB; however, the emergence of drug-resistant TB strains complicates these efforts and demands advanced diagnostic techniques.
[bookmark: _Hlk516665496]Pulmonary tuberculosis is transmitted from person to person through exposure to airborne droplets caused during coughing and sneezing by untreated persons suffering from pulmonary tuberculosis (NTBLCP Workers Manual, 2020; Glaziou et al., 2015; WHO Global TB Report, 2023).  Infected droplets remain airborne for a considerable period and may be inhaled by unsuspecting susceptible persons. Pulmonary tuberculosis usually occurs in the apex of the lung leading to development of cavities containing large populations of tubercle bacilli which can be detected in a sputum specimen. Pulmonary tuberculosis is suggested by persistent productive cough for three weeks or longer, weight loss, night sweats and chest pains (WHO Global TB Report, 2022; Glaziou et al., 2015; WHO Global TB Report, 2023). 
Miglori et al., (2022) reported that Global tuberculosis control efforts have been threatened by the emergence of multi-drug resistant tuberculosis (MDR-TB) and MDR-TB is defined as strains of Mycobacterium tuberculosis which shows high level resistance to both isoniazid and rifampicin, with or without resistance to other anti TB drugs.  The emergence of resistance to drugs used to treat tuberculosis, and particularly multidrug resistant tuberculosis (MDR-TB) has become a significant public health problem in a number of countries and an obstacle to effective global TB control (WHO, 2008; Banerjee and Starke, 2016 ; WHO Global TB Report, 2018). The first clinically drug resistant tuberculosis was not described until 1970 .In recent years, international attention has turned toward the evolving burden of drug resistance. Multi-drug resistant tuberculosis (MDR TB) has emerged in epidemic proportions in the wake of widespread HIV infection in the world's poorest populations, including sub-Saharan Africa (Glaziou et al., 2015. Effective drug treatments were first developed in the 1940s and the most effective first-line anti-TB drug, rifampicin, became available in the 1960s. Without treatment, the death rate due to TB is high and studies from the pre-chemotherapy era found that about 70% of people with sputum smear positive pulmonary TB died within 10 years, and that this figure was 20% among culture-positive (but smear-negative) cases of pulmonary TB (WHO Global TB Report, 2015; WHO Global TB Report, 2018).  
2. MATERIALS AND METHODS
Study Design 
This was a cross-sectional hospital-based study. All consenting TB patients who were seen were enrolled in the study. Samples previously collected and tested by AFB microscopy were used for the analysis.


Study Population 
The study population consisted of TB patients enrolled in the DOTs clinics of Benue State University Teaching Hospital (BSUTH), Saint Vincent Hospital Alaide (SVH), Dalhatu Araf Specialist Hospital Lafia (DASH), Aluchi Medical Centre, Akwanga (AMC). The patients enrolled per site are as follows: BSUTH (100 Patients), SVH (100 Patients), DASH (100 Patients), and AMC (100 Patients). The study population comprises of all ages, gender, occupation as well as their marital status. 

Inclusion-Exclusion and Criteria 
Individuals who gave written informed consent and patients on first-line anti-TB treatment for less than 4 weeks were included. The exclusion is the unwillingness to consent and as well we excluded pregnant and breastfeeding women to avoid ethical and health risks.
Sample Size
The sample size used for the study was determined using a formula recommended by WHO (1990) shown below and a previous prevalence of 4.8% MDR TB determined in Nigeria in 2012 (Onyedun et al., 2017)
			N = Z2P x 1-P
			           d2
         Where N = Sample Size	
Z = Standard normal distribution at 95% confidence interval (1.96)
P = Prevalence of Previous Report (4.8%) (Nigeria MDR TB Prevalence	Report 2012)
D = Allowable error is taken as 5%
q = 1 – P	
n=   (1.96)2 x 0.048 x (1 - 0.048)	 	 	 	 
             		       		(0.05)2 

n = 3.8416 x 0.048 x 0.952       = 70      
		      0.0025       
An acceptable error margin of 5% and a 95% confidence interval were used. The calculated sample size was 70. However, to adjust for expected losses through contaminated cultures, non-growth, and other factors, the calculated sample size was increased by 20% (WHO, 2003) giving a total sample size of 84 but because of the different facilities and locations, 100 samples were collected per facility. 
Sample Collection
A consecutive sampling method was used based on individuals who presented and consented at the hospitals. A total of 400 samples of sputum were collected from patients attending different hospitals at different locations area of Benue State and Nasarawa State from November 2023 to February 2024.) and tuberculosis was diagnosed according to Nigeria Programmatic Management of Drug-Resistant Tuberculosis Guidelines (2013). One on-the-spot sputum sample was collected in standard screw-capped leak-proof sputum containers with specific clinic identification and study numbers.  Sputum specimens that were AFB smear-positive at the study sites were kept in a refrigerator at 2-80C and then moved to Reference laboratories for testing. 


Ziehl Neelsen (ZN) staining procedure
Culture smears were stained with 1% carbol fuchsin and heat was applied underneath using a spirit lamp until the steam rose. The stain was allowed to act on the smear for 5 minutes and then rinsed with water followed by decolorization of smears with 3% acid alcohol for 3 minutes. The slides were rinsed with water thoroughly and counterstained with 1% methylene blue for I minute. The slides were rinsed with water and allowed to drain dry before examination under the microscope using x100 oil immersion (Salaman and Sabine, 2006). The Acid fast (AFB) load was graded according to the International Union against Tuberculosis and Lung Disease (2000) grading system

Culture of Specimens on Solid Medium
All clinical specimens were processed in a Biological Safety Cabinet (BSC) using the NALC NaOH method as previously described in (Steingart et al., 2006). Equal volume (5ml) of NALC-NaOH and sputum was mixed. This was vortexed and incubated for 15 minutes, 35ml Phosphate buffer was added to the NALC-NaOH-Sputum mixture and the tubes were centrifuged at 4oC for 15 minutes at 3000xg. The supernatants were carefully discarded and the sediment was resuspended in 2ml buffer. The sediments were used to inoculate Lowenstein Jensen’s (LJ).          MTBC

Identification of Positive Samples using Rapid Identification Method
The culture positive samples were processed for identification of the MTB complex using the SD Bioline rapid test kit. This is a one-step immuno-chromatographic identifier which tests for MPT64 protein secreted by MTBC and is found in the culture fluid of only strains of MTBC. Using a sterile pipette, buffer (100 ml) was transferred into a tube, and colonies from the culture plate were suspended into vial tubes containing the 100 ml of buffer. The vial tube was vortexed for 5 minutes and the suspended solid cultures (100 ul) in buffer was transferred into a sample well.  A purples color moving across the result window in the center of the test device was an indication that test reaction is working.  After 15 minutes, the result was read.  Purple red color on both the test and control areas was to indicate a positive result, while only one purple red color on the control area signified a negative result. 
3.  RESULTS 
Distribution of MTBC and NTM Using the SD-Bioline
The culture-positive isolates revealed that 38.3% were MTBC and 17.8% were NTM from the SD-Bioline assay as shown in figure 1.
Demographic Distribution of MTBC (Positive) and NTM (Negative) Cases Using SD Bioline
The distribution of SD-Bioline test outcomes for Mycobacterium tuberculosis complex (MTBC) and non-tuberculous mycobacteria (NTM) across three demographic variables: gender, age group, and marital status.  The Gender distribution shows that female patients had the highest number of positive cases 40.9% (81/198), while the male patients showed positivity of (35.6%). No significant association exists between Gender and SD-Bioline results indicating that the prevalance does not differ among male and female (X2=1.224, df=2, P = 0.542).  The largest age group represented is 30-39 years which also shows high detection rates for MTBC 36% (49/137) and NTM 19.9 % (27/137).  The highest proportion of positive results is found in the 80 + age group even though the sample size is small (n=4). The lowest proportion of positives (27.6%) is found in the 50 – 59 age group, while the 60-69 age group has the highest proportion of positive cases (48.0%). The chi-square test result (χ² = 13.695, df = 14, P=0.473) indicates no statistically significant relationship between age groups and SD Bioline Test Results for MTBC. In addition, married individuals make up the largest group (15.6%) and exhibited the highest positivity rates of MTBC 39.9% (84/218). The relationship between marital status and SD-Bioline detection for MTBC was not statistically significant ((χ² =4.553 df=6, p=0.602).  
SD-Bioline Test Results for MTBC and NTM by Occupational Status, Education, and Location
 SD-Bioline test outcomes for Mycobacterium tuberculosis complex (MTBC), categorized by occupational status, educational background, location. By Occupation the business people showed the highest positivity rate 42.5% (57/134) eventhough they are the highest participants. The chi-square test revealed no significant association between occupation and test outcome (χ² = 5.548, df = 6, p = 0.476). Participants with tertiary education had the highest positive cases 41.9 %  (80/191 ) while the uneducated participant had the lowest showing 30.0% (3/10), hence no significant association emerged between education and SD-Bioline results (χ² = 5.915, df = 6, p = 0.433). The Test outcomes varied slightly by location showing that St Vincent Alaide has a high positivity rate of 41.0%, followed by BSUTH (37.8), Akwanga (36.6%) and Lafia (37.6 %). The chi-square test indicated no significant relationship between location and test result (χ² = 6.830, df = 6, p = 0.337) as shown in table 2

SD-Bioline Assay for MTBC by Clinical and Risk Factors Associated with TB 	    Infection
The SD-Bioline assay for Mycobacterium tuberculosis complex (MTBC) across various clinical and risk factors. For those reactive to HIV,17.5% (22/126) tested positive for NTM 38.1% (48/126) tested positive for MTBC. The chisquare test (χ² = 0.28, df = 2, p = 0.986) indicates no significant difference between HIV status and MTBC test outcomes. Among individuals currently on antiretroviral therapy, showed positive cases(MTBC) of 37.5 % (15/40) and a negativity of  22.5 % (9/40) showing no significant difference emerging between ART status and test results (χ² = 1.17, df = 4, p = 47.9% (23/48) while the lowest indicate 10.4% (5/48). but the chi-square test (χ² = 2.839, df = 2, p = 0.242) showed no significant association SD bioline with diabetes. Smoking prevalence was high among participants with smokers contributing (40.0%) to MTBC cases and 17.0 % to NTM infections. non-smokers show slightly higher proportions of MTBC (65.3%)  indicating no significant correlation between smoking and SD-Bioline test outcomes (χ² = 1.976, df = 4, p = 0.740). 
Out of 150 Alcohol consumer, 36.6% (55/150) showed positive to MTBC while 12.3% (19/150) are NTM. The chi-square test (χ² = 11.853, df = 6, p = 0.065) indicate no association between alcohol consumption and the SD Bioline test outcome.

Participants who consume raw milk contribute 37.0% to MTBC and (18.6%) to NTM cases. No significant relationship was found between raw milk consumption and MTBC results (χ² = 5.226, df = 4, p = 0.265) as shown in table 3. 
[image: ]
Fig. 1: Distribution of MTBC and NTM Using the SD-Bioline









Table 1:  Demographic Distribution of MTBC (Positive) and NTM (Negative) Cases Using SD Bioline Rapid Test: Analysis by Gender, Age-group, and Marital Status

SD-BIOLINE RESULTS FOR MTBC
		

Variables        NTM				      MTBC

Gender 	Negative 	Not Applicable    Positive      Total	    χ²             df       P-Value
Female		33(16.7)	84(42.4)	      81(40.9) 	  198	  1.224	    2        0.542  
Male		35(17.3)	85(47.0)	      72(35.6)	  202

Total		68(17.0)	179(44.8)	    153(38.3)	  400

Age group
10-19		4(22.2)		8(44.4)		      6(33.3)	   19	
20-29		14(15.1)	40(43.0)	      39(41.9)          93	   13.695     14       0.473
30-39		27(19.9)	60(44.1)	      49(36.0)	   137
40-49		9(10.7)		43(51.2)	      32(38.1)	   84
50-59		7(24.1)		14(48.3)	      8(27.8)            30
60-69		6(24.0)		7(28.0)		      12(48.0)          25
70-79		0(0)		5(62.5)		      3(37.5)            8
80-89		0(0)		1(25.0)	     	      3(75.0)            4
Total		67(16.9)	178(44.8)	      152(38.3)	    400    

Marital Status
Divorced	1(50.0)		0(0.0)		       1(50.0)	     2	
Married	34	(15.6)	             97(44.5)	       87(39.9)	     218	     4.553         6       0.602
Single		3(17.6)		79(46.5)	       61(35.9)	     170
Widow  	3(30.0)		3(30.0)		       4(40.0)	     10
Total		68(17.0)	179(44.8)	       153(38.3)         400







Table 2: SD-Bioline Test Results for MTBC and NTM by Occupational Status, Education, and Location


Variables       Negative        Not Applicable       Positive        Total       χ²       df      P-Value

Occupation
Business	26(19.4)	51(38.1)	       57(42.5)          134	
Civil Servant	19(17.9)	52(49.1)	       35(33.0)          106       5.548   6	  0.476	
Farmer		6(10.5)		28(49.1)	       23(40.4)          57
Student		17(16.5)	48(46.6)	       38(36.9)          103 
Total		68(17.0)	179(44.8)	       153(38.3)        400

Educational Status
Primary		6(21.4)		11(39.3)	        11(39.3)	          28	
Secondary	31(18.1)	81(47.4)	        59(34.5)	         171    5.915   6	  0.433
Tertiary	``	31(16.2)	80(41.9)	        80(41.9)	         191
Uneducated	0(0.0)		7(70.0)		        3(30.0)	         10
Total		68(17.0)	179(44.8)	        153(38.3)	         400

Location
Akwanga	22(21.8)	42(41.6)	        37(36.6)	         101
BSUTH		17(17.3)	44(44.9)	        37(37.8)             98       6.830  6	 0.337
Lafia		20(19.8)	43(42.6)                  38(37.6)            101
St Vincent 	9(9.0)		50(50.0)	        41(41.0)            100
Alaide
Total		68(17.0)	179(44.8)	        153(38.3)	          400




Table 3: SD-Bioline Assay for MTBC by Clinical and Risk Factors Associated with TB 	    Infection
		        NTM				    MTBC
Status		    Negative 	       Not Applicable       Positive      Total       X2           df 	    P-Value
HIV Status		
Non- Reactive	     46(16.8)	         123(44.9)	 105(38.3)	274
Reactive	     22(17.5)	         56(44.4)	             48(38.1)	126	 0.28	   2	     0.986
Total		     68(17.0)	         179(44.8)	 153(38.3)	400

Currently on 
ART
		     45(16.3)	          124(44.9)           107(38.8)	276
No		     14(16.7)	          39(46.4)	 	 31(36.9)	84         1.17	    4	     0.892
Yes		     9(22.5)	          16(40.0)		 15(37.5)	40
Total		     68		          179		 153		400

Diabetics
No		     63(17.9)		159(45.2)	130(36.9)	352	2.839	     2	      0.242
Yes		     5(10.4)		20(41.7)	23(47.9)	48
Total		     68(17.0)		179(44.8)	153(38.3)	400

Smoking
No		     45(17.0)		121(45.8)	98(37.1)	265	1.976	      4	      0.740
Yes		     23(17.0)		58(43.0)	55(40.0)	135
Total		     68(17.0)		179(44.8)	153(38.3)	400

Alcohol Intake
No		    49(19.6)		103(41.2)	98(39.2)	250	11.853	      6          0.065
Yes		    19(12.3)		76(51.4)	55(36.6)	150
Total		    68(17.0)		179(44.8)	153(38.3)	400

Raw Milk 
Consumption
No		   47(16.2)		131(45.0)	113(38.8)	291	 5.226	      4         0.265
Yes		   21(18.6)		48(44.4)	60(37.0)	109
Total		   68(17.0)		179(44.8)	153(38.3)	400

4. DISCUSSION

The results from the Molecular Genetic Assay and Drug Resistance Profile of Mycobacterium tuberculosis Complex (MTBC) among Tuberculosis Patients from Selected Hospitals in Benue and Nasarawa States, Nigeria provide significant insights into the prevalence of tuberculosis (TB) and the genetic resistance profiles of the isolates. These findings are critical in understanding the spread of both Mycobacterium tuberculosis (MTB)  as well as their resistance to first and second-line anti-TB drugs.
The study indicates that out of 400 sputum samples, 55% were culture-positive for mycobacteria, while 45% were negative. This highlights a significant proportion of culture-negative TB cases, which might reflect issues like sample handling or bacterial load, a problem common in many resource-limited settings. A similar study conducted in Ethiopia by Ayele et al. (2019) also reported culture positivity rates of around 50-55% in routine TB testing. These findings emphasize the need for improved diagnostic techniques, such as molecular assays, that offer higher sensitivity.
In terms of species distribution, the study found Mycobacterium tuberculosis to be the most prevalent (31.3%), followed by M. bovis (3.5%) and M. africanum (2.5%). This distribution is consistent with findings from other studies in sub-Saharan Africa. For instance, a study in South Africa by Ritter et al. (2014) found that M. tuberculosis dominated in urban populations, but regional variation could still be noted with the presence of M. bovis, particularly in rural or agricultural communities where cattle are prevalent.
The discovery of non-tuberculous mycobacteria (NTM) in 17.8% of the cases is concerning. NTM infections have been increasingly identified as causing pulmonary diseases in patients, particularly in immunocompromised individuals. Similar findings were reported in a study by Womack et al. (2020) in the United States, which found that NTM prevalence was rising, especially among patients with underlying health conditions such as HIV or diabetes. This growing burden of NTM in Nigeria warrants more attention, especially in the context of HIV co-infections, as these infections are harder to treat and require tailored therapies. Another study by (Marinova et al., 2017)have also shown an increasing burden of NTM infections, particularly in individuals with co-morbidities like HIV or diabetes . In this study, M. abscessus and M. fortuitum were the most frequently identified NTM species, which is consistent with their known association with chronic respiratory infections .The finding that gender is not statistically significant in influencing the occurrence of MTBC and NTM aligns with several studies. The shows a slight female predominance in MTBC cases (40.9%) compared to males (35.6%), Similar findings have been observed in South Africa (Cox et al., 2014), where gender differences in TB prevalence were not statistically significant. The lack of significant gender-based differences is also supported by Sulis et al. (2014) in Kenya, who found no significant gender disparity in TB incidence. However, some studies in other parts of the world, particularly India (Mohan et al., 2007), have reported a higher prevalence of TB among males, largely attributed to occupational exposures and higher risk of contracting TB in certain industries like mining. This gender disparity is often more pronounced in settings where male-dominated high-risk environments exist.
The highest prevalence of MTBC was in the 20-29 years age group (41.9%), followed by the 30-39 years group (36.0%). Age was not found to significantly affect the distribution of MTBC and NTM (p-value = 0.473). This finding aligns with studies from South Africa (Cox et al., 2014) and Nigeria (Iwegbu et al., 2018), where young adults, particularly those in the 20-39 age range, are the most affected by TB. This is often due to increased exposure during peak working and reproductive years. In Contrast, particularly in Italy, studies carried out by  (Suligoi et al., 2015) have found that TB incidence is more pronounced among older populations, likely due to the higher rates of comorbidities like diabetes and immunosuppressive therapy, which are more common in older adults. Another Study in Brazil by Pinto et al. (2012) found that the highest TB incidence was among young adults (20-39 years which agrees with our findings.The study attributes this to urbanization and overcrowding, where the highest risk of transmission occurs. Agbaji et al., (2015) conducted a study on TB prevalence in Ogun State, Nigeria, and found similar age-related trends, with the highest incidence in the 20-29 age group, supporting the findings of  our study.
In this study the prevalence of MTBC was found in the married group (39.9%), followed by the single group (35.9%). Marital status did not significantly affect the distribution of TB types (p-value = 0.602). A study in india by Kumar et al. (2010) which agrees with our study found that married individuals were more likely to have TB. This could be due to the close contact within families and shared living spaces, where transmission is more likely. A similar study in South Africa by Reddy et al. (2015) also observed that married individuals had a higher burden of TB, which they attributed to household dynamics and shared living environments, this finding also agrees with our study. However, studies from Ethiopia Tadesse et al. (2017)  and some parts of Kenya suggest that unmarried individuals may have higher TB rates due to factors like delayed healthcare seeking and poorer living conditions.
The study also shows that the highest proportion of Mycobacterium tuberculosis complex (MTBC) and Non-Tuberculous Mycobacteria (NTM) positive cases were found among individuals in business occupations (42.5%), followed by farmers (40.4%), students (36.9%), and civil servants (33.0%). Despite a p-value of 0.476 indicating no statistical significance, the findings suggest that certain occupations could still have higher exposure to risk factors contributing to tuberculosis (TB) transmission. Globally, studies have pointed to the occupational risks associated with certain jobs. For example, in South Africa, miners working in confined, dusty environments are at higher risk of TB due to prolonged exposure to dust and pollutants, which compromise pulmonary health (Veenstra, et al., 2023). This aligns with findings in India, where individuals in high-stress, poorly ventilated environments such as construction sites and textile factories face higher exposure to TB due to inadequate working conditions and the potential for overcrowded living situations (Geng et al., 2021). Similarly, in Nigeria, a study by (Oga et al.,2020) found that individuals working in healthcare settings had higher TB rates due to prolonged exposure to respiratory droplets from patients with active TB.
However, the study in Nigeria did not find significant associations between occupation and TB prevalence, which suggests that factors such as healthcare access, general hygiene practices, and community transmission might play more significant roles in this population. A comprehensive study in Benue and Nasarawa, states that occupational exposure alone may not sufficiently explain TB transmission patterns, particularly in an urbanized context where migration and overcrowding are more influential factors. Our study found that individuals with secondary education (34.5%) and tertiary education (41.9%) had the highest prevalence of TB, which contradicts the common assumption that higher education correlates with greater health awareness and lower TB prevalence. Higher education is often associated with better knowledge of disease symptoms, access to healthcare, and improved diagnostic outcomes. A study by Aseffa et al. (2022) in Ethiopia supports the hypothesis that individuals with higher education levels tend to have better TB knowledge and therefore are less likely to delay seeking treatment. However, in sub-Saharan Africa, including Nigeria, this study’s finding contrasts with research from Zambia (Adisa et al., 2021), where individuals with lower education levels were found to have higher TB prevalence, mainly due to delayed diagnosis and lack of awareness. Furthermore, urbanization could explain the discrepancy, as educated individuals may live in high-density urban areas with poorer living conditions, increasing their exposure to TB. A similar study in South Africa indicated that despite higher educational attainment, urban dwellers had a greater risk of TB due to overcrowded living conditions and inadequate ventilation (Moser et al., 2018). 
Reports show no significant association between HIV status and TB infection, with a p-value of 0.986. Among individuals with non-reactive HIV status, 38.3% were positive for MTBC, and among those who were reactive, 38.1% were positive. These results are consistent across both groups, suggesting that HIV status may not significantly influence TB prevalence in this study sample.
Globally, numerous studies have shown that HIV co-infection significantly increases the risk of TB, as immunosuppression caused by HIV facilitates the progression from latent TB infection to active TB disease. A study by Garcia et al. (2020) found that HIV-positive individuals are more likely to develop TB due to their weakened immune system. In sub-Saharan Africa, where HIV prevalence is high, research has also demonstrated a strong correlation between HIV and TB, with individuals co-infected showing higher rates of TB morbidity and mortality.
[bookmark: _Hlk526503529][bookmark: _Hlk526503544]In contrast, studies in Nigeria have shown that despite HIV co-infection increasing susceptibility to TB, the effect might vary depending on ART adherence and the stage of HIV infection. Chakaya et al. (2020) found that HIV-positive individuals on ART showed reduced TB risk, suggesting that viral suppression through ART could mitigate TB susceptibility. This discrepancy in findings may reflect regional differences in healthcare access and ART coverage, as well as the particularities of the population studied (Zhang et al., 2012). The study shows that among those currently on ART, 38.8% were positive for MTBC, and among those not on ART, 36.9% were positive, with a p-value of 0.892, indicating no significant difference. This finding suggests that ART status may not have a major impact on TB prevalence in this sample, despite ART being a known method for reducing HIV viral load and improving immune function. Globally, ART has been shown to reduce the risk of TB in HIV-positive individuals by strengthening the immune system and reducing the incidence of opportunistic infections like TB (Marteo Urdiales et al., 2019). A study by Umrao et al. (2016) in Nigeria similarly highlighted the protective effect of ART in reducing the incidence of TB among HIV-infected patients. However, the results from this study in Nigeria suggest that ART alone might not be enough to prevent TB in high-burden areas, where other factors such as living conditions, nutrition, and exposure to drug-resistant strains could play significant roles. Again the study indicates that diabetes mellitus (DM) was not significantly associated with TB, with a p-value of 0.242. Among diabetics, 47.9% tested positive for MTBC, while non-diabetics had a prevalence of 36.9%. Although diabetes is a known risk factor for TB due to its immunosuppressive effects, the lack of statistical significance here may reflect the small sample size of diabetic individuals (48 cases), which could limit the generalizability of this finding. This is in agreement other reports were MTBC infected patients with diabetes have been found among their studies. Some of the studies include Yu et al. (2014) which showed that 8.9% of their patients had diabetes, Andréjak et al. (2010) stated that 3.9% of their patients with NTM infections had diabetes and Umrao et al. (2016) stated that 13.3% of their NTM infected patients had diabetes (Umrao et al., 2016). Diabetes is a strong risk factor for the development of other infectious diseases such as melioidosis, pneumococcal disease and tuberculosis. In addition, there were other studies that showed diabetes to be a significant risk factor for disease due to NTM. There was no significant association was found between smoking and TB, with a p-value of 0.740. Among smokers, 40.0% tested positive for MTBC, while non-smokers had a prevalence of 37.1%. Smoking is a well-known risk factor for TB due to its damaging effects on the respiratory system and its ability to impair immune function, making individuals more susceptible to infections like TB. In a meta-analysis by Rousham et al. (2019), smoking was found to increase the risk of TB by as much as 50%, particularly in individuals living in high-burden TB areas. In Nigeria, similar findings were reported by Adekanmi et al. (2021), where smoking was shown to exacerbate TB risk, particularly in individuals with prior exposure to respiratory infections. The lack of statistical significance in this study may reflect confounding factors such as the interaction between smoking and other socio-economic variables, or the relatively low proportion of smokers in the sample. The study reports an interesting trend in alcohol consumption, where individuals who consumed alcohol had a higher prevalence of TB (36.6% positive for MTBC) compared to non-drinkers (39.2% positive). Although the p-value of 0.065 suggests a borderline statistical significance,  A study carried out by Knut et al., (2010) stated that there was no association between alcohol use and MTBC. In contrast, another study carried out by Ahmadu et al. (2019) stated that majority of their patients with MTBC infection were alcohol drinkers. This also is consistent with research by (Miligori et al., 2022) who noted that alcohol consumption contributes to poor immune function and social conditions conducive to the spread of TB. This study did not find a significant association between raw milk consumption and TB, with a p-value of 0.265. Despite a slight increase in TB prevalence among those who consumed raw milk (37.0%), this finding does not establish a strong connection between raw milk and TB infection. Although it has been established that pasteurization kills M. tuberculosis in milk, survival of some MTB and NTM species after simulated laboratory pasteurization has been reported (Grant et al., 1996). M.bovis and M. chelonae were the two  detected in pasteurized milk. The detection of the mycobacteria in pasteurized milk may be explained by extreme bacterial load contamination during milking and bottling process (Grant et al., 1996 and Leite et al., 2003) or the formation of mycobactera biofilm by incorrect maintenance of the equipment used in pasteurization process. According to Grant et al., (1996), clumping of the mycobacteria cells during heating or an increase of resistance by a non-understood mechanism, may be responsible for surviving the pasteurization.  Raw milk consumption has been implicated in the transmission of zoonotic TB, particularly Mycobacterium bovis, which can be transmitted through unpasteurized dairy products. In countries like India, studies have found that consumption of raw milk is a risk factor for zoonotic TB. However, in Nigeria, the study by did not find raw milk consumption to be a major factor in TB transmission, likely due to the low rates of Mycobacterium bovis infection in human populations and the prevalence of MTBC.
5. CONCLUSION 
This study demonstrated a substantial burden of tuberculosis among patients attending selected hospitals in Benue and Nasarawa States, Nigeria. The findings revealed that more than half of the analyzed sputum samples showed positive culture growth for mycobacteria, confirming active infection in a considerable proportion of the study population. The SD-Bioline immunochromatographic assay successfully differentiated Mycobacterium tuberculosis complex from non-tuberculous mycobacteria, revealing that MTBC accounted for the majority of identified isolates while a significant proportion represented NTM infections.
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